The genomic DNA of ixodid ticks from western Canada was tested by PCR for the presence of Rickettsia. No rickettsiae were detected in Ixodes sculptus, whereas 18% of the I. angustus and 42% of the Dermacentor andersoni organisms examined were PCR positive for Rickettsia. The rickettsiae from each tick species were characterized genetically using multiple genes. Rickettsiae within the D. andersoni organisms had sequences at four genes that matched those of R. peacockii. In contrast, the Rickettsia present within the larvae, nymphs, and adults of I. angustus had novel DNA sequences at four of the genes characterized compared to the sequences available from GenBank for all recognized species of Rickettsia and all other putative species within the genus. Phylogenetic analyses of the sequence data revealed that the rickettsiae in I. angustus do not belong to the spotted fever, transitional, or typhus groups of rickettsiae but are most closely related to "Candidatus Rickettsia kingi" and belong to a clade that also includes R. canadensis, "Candidatus Rickettsia tarasevichiae," and "Candidatus Rickettsia monteiroi."
T
he Rickettsia are obligate Gram-negative intracellular bacteria of arthropods (e.g., ticks, mites, fleas, and lice), many species of which are the causative agents of human disease, such as spotted fever and typhus (1) (2) (3) . There are at least 30 recognized species within the genus (2); however, a number of other putative species have also been recently proposed based on molecular characterization of rickettsiae at three or four genes (4-7). The genus Rickettsia has been divided into two main groups, the spotted fever group (SFG) and the typhus group (TG), based on clinical (e.g., pathogenic effects), ecological (e.g., vector species and geographical distribution), and phenotypic characteristics (e.g., optimal growth temperatures, DNA GϩC content, and relative cross-reactivity with the somatic antigens of different strains of Proteus) (1) . This separation of Rickettsia into SFG and TG has been confirmed by phylogenetic analyses of sequence data of several rickettsial genes (1, 8, 9) and the complete genomes of nine species (10) . The SFG has been further divided into four species groups: the R. akari, R. helvetica, R. massiliae, and R. rickettsii groups (1, 2) . The R. akari species group, comprising R. akari, R. felis, and R. australis (1, 2) , has been referred to as a transitional group (TRG) between the SFG and TG rickettsiae (10, 11) ; however, this classification was considered controversial (2) . The results of a recent molecular study (11) , based on the phylogenetic analysis of 113 core proteins from 22 taxa within the genus Rickettsia, revealed that R. helvetica does not belong to the SFG and may represent a sister taxon to the TRG rickettsiae. There are also at least two species of Rickettsia that do not belong to the SFG, TRG, or TG: R. canadensis and R. bellii (1, 2) . R. canadensis, which has morphological similarities to both the SFG, TRG, and TG rickettsiae (3), represents a sister taxon to these three groups of rickettsiae, while R. bellii is a sister taxon to all rickettsiae that use parasitic arthropods as vectors (1) .
Ticks are the most important vectors of SFG rickettsiae (1) (2) (3) . In North America, there are 34 species of Ixodes (12) , at least six of which, I. scapularis, I. pacificus, I. cookei, I. dentatus, I. brunneus, and I. texanus, have been shown to contain SFG rickettsiae (6, 12) . Other ticks in North America, such as Dermacentor andersoni and D. variabilis, are also vectors and reservoirs of SFG rickettsiae (i.e., R. peacockii and R. montanensis, respectively) (13) (14) (15) . Both D. andersoni and D. variabilis are also known vectors of R. rickettsii, the causative agent of Rocky Mountain spotted fever (16) . All of these species of Ixodes and Dermacentor use rodents and/or insectivores as hosts for some part of their life cycle (12, 17) .
Recently, a novel Rickettsia organism was detected in rotund ticks, Ixodes kingi, feeding on northern pocket gophers (Thomomys talpoides) in Saskatchewan, Canada (7) . Phylogenetic analyses of sequence data for four genes revealed that this putative new species, provisionally named "Candidatus Rickettsia kingi," did not belong to the SFG, TRG, or TG of rickettsiae but represented a sister taxon to R. canadensis and "Candidatus Rickettsia tarasevichiae" (7), the latter of which occurs in I. persulcatus from Russia and Japan (3). R. canadensis has been reported from several tick species (i.e., Haemaphysalis leporispalustris, D. andersoni, D. variabilis, and Ambylomma americanum) in Canada and the United States (3). The distributional range of I. kingi in western Canada overlaps that of D. andersoni and D. variabilis and several species of Ixodes, including the sculptured tick, I. sculptus, and the vole tick, I. angustus (17) (18) (19) (20) . Although I. angustus has been implicated as a vector of pathogenic bacteria, such as Borrelia burgdorferi (21) , there are no reports of the presence of Rickettsia in this tick species or in I. sculptus. Therefore, the aim of the present study was to determine if I. angustus and/or I. sculptus in western Canada contain rickettsiae, and if so, whether the bacteria belong to the SFG, TRG, TG, or the clade containing R. canadensis, "Candidatus Rickettsia tarasevichiae," and "Candidatus Rickettsia kingi."
MATERIALS AND METHODS
DNA extraction, PCR, and single-strand conformation polymorphism (SSCP). Total genomic DNA (gDNA) was extracted and purified from the complete bodies of 378 individual ticks using the DNeasy blood and tissue kit (Qiagen, Hilden, Germany) and the modifications described previously (7, 22) . All ticks were identified to the species level by morphological examination and genetic characterization (22, 23) , the latter of which served as a control for the quality of the gDNA extracted from each tick. Table 1) .
The presence/absence of Rickettsia DNA in each tick was tested by nested PCR (n-PCR) targeting part (434 bp) of the rickettsia-specific 17-kDa antigen gene using primers 17K-5 (5=-GCTTTACAAAATTCTAAA AACCATATA-3=) and 17K-3 (5=-TGTCTATCAATTCACAACTTGCC-3=) for the first phase and primers 17kD1 (5=-GCTCTTGCAACTTCTAT GTT-3=) and 17kD2 (5=-CATTGTTCGTCAGGTTGGCG-3=) for the second phase (24) , as well as the protocols and cycling conditions described previously (7) . All PCR-positive samples were then subjected to SSCP analyses (25) to prescreen for genetic variation. This mutationscanning technique can be used to differentially display genetic variation between DNA sequences that are 150 to 450 bp in size and that differ by one or more nucleotides (25) . Representative amplicons (n ϭ 5) of each different SSCP profile type were purified (26) prior to DNA sequencing using primers 17kD1 and 17kD2 in separate reactions. Amplicons from phase one of the n-PCR of three rickettsia-infected I. angustus ticks were also purified and subjected to automated DNA sequencing using primers 17K-5 and 17K-3.
To confirm the presence of rickettsial DNA in I. angustus, a second PCR assay, targeting 491 bp of the outer membrane protein A gene (ompA), was conducted on the gDNA samples that were PCR positive for the 17-kDa antigen gene. PCRs were carried out using primers Rr190.70p (5=-ATGGCGAATATTTCTCCAAAA-3=) and Rr190.602n (5=-AGTGCA GCATTCGCTCCCCCT-3=) (27) Four additional genetic markers were used to characterize the rickettsiae in I. angustus and D. andersoni. First, a 1,060-bp fragment of the citrate synthase gene (gltA) was amplified from the gDNA of two rickettsia-infected I. angustus larvae and one rickettsia-infected D. andersoni nymph using the primers CS2dF (5=-ATGACCAATGAAAATAATAAT-3=) and RpCS.1258n (5=-ATTGCAAAAAGTACAGTGAACA-3=) (8, 27) and the following conditions: 95°C for 5 min; 30 cycles of 95°C for 1 min, 50°C for 1 min, and 72°C for 1 min; and a final cycle of 72°C for 8 min. The amplicons were purified and sequenced using primers CS2dF and RpCS.1258n. Part (1,332 bp) of the prokaryotic 16S rRNA gene of six rickettsia-infected ticks (i.e., four I. angustus and two D. andersoni ticks) was then amplified using primers Rick-16S-F3 (5=-ATCAGTACGGAAT AACTTTTA-3=) and Rick-16S-R4 (5=-TGCCTCTTGCGTTAGCTCAC-3=) under the following conditions: 95°C for 5 min; 30 cycles of 95°C for 45 s, 58°C for 45 s, and 72°C for 45 s; and then 72°C for 5 min. Primers Rick-16S-F3 and Rick-16S-R4 were designed specifically to amplify the 16S rRNA gene of Rickettsia, because the primers most often used for this purpose in other studies (i.e., primers fd1 and rp2 [28] ) also coamplified the 16S rRNA gene of other bacteria present within the ticks. The purified 16S rRNA gene amplicons were subjected to DNA sequencing using primers Rick-16-F3 and Rick-16-R4. In addition, part (488 bp) of the surface cell antigen 1 (sca1) gene of three rickettsia-infected ticks was amplified using primers SCA1-F2 (5=-GGTGATGAAGAAGAGTCTC-3=) and SCA1-R2 (5=-CTCTTTAAAATTATGTTCTAC-3=) under the following conditions: 95°C for 5 min; 35 cycles of 95°C for 30 s, 50°C for 30 s, and 72°C for 30 s; and then 72°C for 5 min. Purified amplicons from three I. angustus larvae were subjected to DNA sequencing using primers SCA1-F2 and SCA1-R2. Amplification of sca1 was not achieved for any gDNA samples from D. andersoni (n ϭ 5). Amplification of 812 bp of the outer membrane protein B gene (ompB) using the primers 120.3599 (5=-TACTTCCGGTTACAGCAAAGT-3=) and 120.2788 (5=-AAACAATAAT CAAGGTACTGT-3=) was also attempted. PCR conditions of Roux and Raoult (29) were used, except that the number of cycles was increased to 35 and the annealing temperature was raised from 50 to 52°C.
Negative controls (i.e., no gDNA) were included in each PCR assay conducted. In addition, the gDNA of "Candidatus Rickettsia kingi" from I. kingi (7), R. peacockii from D. andersoni, and R. montanensis from D. variabilis (15) were included in each PCR assay and SSCP analysis as positive controls. The amplicons of these positive controls were also sequenced for each gene region to confirm that the correct target genes had been successfully amplified.
Sequence analyses. BLAST searches (GenBank) were performed on the DNA sequences of each gene to determine the genetic similarity of the rickettsiae in I. angustus and D. andersoni to the different taxa within the genus Rickettsia. For each gene region, DNA sequences were aligned manually with those of Rickettsia species available in GenBank (see Table S1 in the supplemental material). Phylogenetic analyses were performed separately on the sequence data of each gene, and on the concatenated sequence data of all five genes, using the neighbor joining (NJ), maximum likelihood (ML), and maximum parsimony (MP) methods in PAUP (30) . Given that there are no ompA sequences for the TG rickettsiae (9), alignment gaps were used in the concatenated data set to represent the lack of ompA sequences in R. typhi and R. prowazekii. For the MP analyses, characters were treated as unordered and were equally weighted, and alignment gaps were treated as missing characters. Heuristic searches with TBR branch swapping were used to infer the shortest trees. The lengths, con- Nucleotide sequence accession numbers. The nucleotide sequences of the different genes for representative samples of the rickettsiae obtained in the present study have been deposited in GenBank under accession numbers HF935068 to HF935081.
RESULTS
Three hundred seventy-eight ticks were each tested for the presence of Rickettsia DNA by n-PCR of the 17-kDa antigen gene, of which 84 were positive ( Table 1) . Each of these amplicons had a single band of the expected size (ϳ450 bp) on 1.5% agarose-Trisborate-EDTA gels. No bands were detected on agarose gels for the negative-control samples. Rickettsia DNA was not detected in any of the I. kingi ticks from Beechy (SK) or the I. sculptus ticks from Beechy and Clavet (SK). In contrast, 49 (18%) of the 268 I. angustus individuals from Kootenay NP (BC) and 35 (83%) of the 42 D. andersoni organisms collected from two localities (Kootenay NP and Beechy) were PCR positive for Rickettsia DNA (Table 1) Table 1) .
The SSCP banding patterns (i.e., profiles) of the rickettsial 17-kDa gene amplicons derived from D. andersoni individuals collected from Kootenay NP and Beechy were identical to one another and to that of the R. peacockii control samples (data not shown). A BLAST search of the 17-kDa gene sequences of the Rickettsia in D. andersoni revealed that they were genetically identical to the sequence of R. peacockii (GenBank accession no. CP001227). The DNA sequences of the rickettsiae detected in D. andersoni from the two locations were also identical in sequence to those of R. peacockii for gltA (accession no. DQ100162) and ompB (accession no. CP001227), and they were 99.9% similar (i.e., at 1,214 of 1,215 bp) to the 16S rRNA gene sequence of R. peacockii (accession no. DQ062433). However, no sca1 amplicons were obtained for the rickettsiae in D. andersoni or for the R. peacockii controls.
The SSCP banding patterns of the rickettsial 17-kDa gene amplicons from 49 I. angustus individuals were identical to one another but differed from those of the positive-control samples "Candidatus Rickettsia kingi," R. peacockii, and R. montanensis (Fig. 1) . The DNA sequences (394 bp) of three representative I. angustus amplicons revealed that they differed at one nucleotide position from the 17-kDa gene sequence of "Candidatus Rickettsia kingi" (accession no. HE647694). When sequences of a slightly larger fragment (497 bp) of the 17-kDa gene were obtained (i.e., using 17K5/17K3 amplicons), the rickettsiae in I. angustus all had identical sequences but differed from that of "Candidatus Rickettsia kingi" at 3 (0.6%) nucleotide positions ( Table 2) . A BLAST search revealed that the 17-kDa gene sequence of the rickettsiae in I. angustus differed at 9 to 60 (0.7 to 12.2%) nucleotide positions compared to the 17-kDa sequences of other taxa within the genus Rickettsia ( Table 2) .
The results of a second PCR assay, targeting ompA, confirmed the presence of rickettsial DNA in the 49 I. angustus individuals that were PCR positive for the 17-kDa antigen gene. Each ompA amplicon consisted of a single band of the expected size (ϳ533 bp) on 1.5% agarose-TBE gels, while no bands were detected for the negative-control samples. The SSCP profiles of all ompA amplicons from I. angustus were identical to one another but differed from those of seven "Candidatus Rickettsia kingi" amplicons and two R. peacockii amplicons. The rickettsiae in I. angustus had a unique sequence for ompA (491-bp) compared to the sequences of "Candidatus Rickettsia kingi" and other taxa within the genus Rickettsia (Table 2) .
Amplicons were obtained for the rickettsiae detected in I. angustus for three of the four additional target regions: gltA, 16S rRNA gene, and sca1. No amplicons were obtained for ompB. The gltA sequences (1,060 bp) of two representative samples of the rickettsiae from I. angustus were identical to one another but differed in sequence from the gltA sequences of species within the genus Rickettsia ( Table 2 ). The closest match in sequence was to the gltA sequence of "Candidatus Rickettsia kingi." The rickettsiae in I. angustus also had a unique sequence for the 16S rRNA gene (1,332 bp) compared to the sequences of this gene for other species within the genus Rickettsia ( Table 2 ). The DNA sequences of sca1 amplicons derived from the gDNA of three rickettsia-infected I. angustus strains were identical to those of "Candidatus Rickettsia kingi" but differed in sequence from those of other taxa in the genus Rickettsia ( Table 2) .
The phylogenetic trees produced from the NJ analyses of the sequence data for each of the four genes (i.e., 17-kDa gene, gltA, ompA, and sca1) revealed strong to total statistical support (boot- strap values of 98 to 100%) for the inclusion of the Rickettsia in I. angustus within a clade that contained "Candidatus Rickettsia kingi," "Candidatus Rickettsia monteiroi," "Candidatus Rickettsia tarasevichiae," and R. canadensis, to the exclusion of members of the SFG and TG rickettsiae (see Fig. S1 to S4 in the supplemental material). There was also support (i.e., bootstrap values of 78 to 100%) for the placement of the rickettsiae in I. angustus within the R. canadensis clade in the MP analyses of the sequence data for gltA, ompA, and the 17-kDa gene. However, there was limited resolution of the relationships of taxa in the NJ and MP analyses of the 16S rRNA gene sequence data, except that the rickettsiae in I. angustus represented the sister taxon to "Candidatus Rickettsia kingi" (see Fig. S5 in the supplemental material) . The NJ analysis of the concatenated sequence data of the five genes produced a tree with the Rickettsia in I. angustus representing the sister taxon to "Candidatus Rickettsia kingi" (Fig. 2) . There was also total statistical support (100% bootstrap value) for the placement of these two taxa in a clade that contained R. canadensis, "Candidatus Rickettsia monteiroi," and "Candidatus Rickettsia tarasevichiae." The MP analysis of the same data set (i.e., 538 cladistically informative characters) produced two equally most parsimonious trees (the strict consensus tree is not shown), with a length of 1,602, a CI of 0.61, and an RI of 0.75. As with the NJ tree, there was 100% bootstrap support for the inclusion of the rickettsiae in I. angustus within a clade that included R. canadensis, "Candidatus Rickettsia kingi," "Candidatus Rickettsia monteiroi," and "Candidatus Rickettsia tarasevichiae" (Fig. 2) . In both the NJ and MP analyses, there was strong to total support (bootstrap values of 99 to 100%) for the SFG and TG rickettsiae each representing a monophyletic angustus with other species of Rickettsia based on neighbor-joining analyses of concatenated sequence data of five genes (17-kDa gene, ompA, gltA, 16S rRNA gene, and sca1). SFG, TG, and TRG refer to the spotted fever group, typhus group, and transitional group of Rickettsia, respectively. We have not included R. helvetica within the SFG based on the findings of a recent study (11) that considered the position of this species within the genus Rickettsia as incertae sedis. The scale bar represents the inferred substitutions per nucleotide site. The relative support for clades in the tree produced from the NJ and MP analyses are indicated above and below branches, respectively. a Accession numbers of taxa are available in Table S1 in the supplemental material. b Only a partial sequence is available for this taxon.
clade. The topology of the phylogenetic tree produced from the ML analyses of the concatenated sequence data (Fig. 3) was very similar to that of the NJ tree (Fig. 2) , with total (100%) bootstrap support for the inclusion of the rickettsiae in I. angustus within a clade that included R. canadensis, "Candidatus Rickettsia kingi," "Candidatus Rickettsia monteiroi," and "Candidatus Rickettsia tarasevichiae." One significant difference in the topology of the ML and NJ trees was the placement of R. helvetica. In the NJ tree ( Fig. 2) , R. helvetica represented a sister taxon to all members of the SFG, whereas in the ML tree (Fig. 3) , there was some statistical support (bootstrap value of 83%) for this species representing a sister taxon to both the SFG and the TRG rickettsiae.
DISCUSSION
Many tick species are vectors of Rickettsia (1-3) ; however, in the present study, rickettsial DNA was not detected in any of the 62 I. sculptus individuals collected from 17 Richardson's ground squirrels (Spermophilus richardsonii) at Beechy (SK) and a 13-lined ground squirrel (Ictidomys tridecemlineatus) at Clavet (SK). This was markedly different from the presence of rickettsiae in 85% of the D. andersoni individuals feeding on two Richardson's ground squirrels at Beechy, both of which were also parasitized by I. sculptus and I. kingi. It is possible that I. sculptus does not represent a suitable host for Rickettsia; however, individuals from different localities throughout the large geographical range of this tick species in North America (19, 31, 32) need to be tested, because the prevalence of rickettsiae can vary significantly among tick populations. For example, the prevalence of R. montanensis in D. variabilis adults from different populations in Saskatchewan ranges from 0 to 33% (15) . Geographical heterogeneity in rickettsial prevalence among tick populations also may explain the absence of rickettsiae from the I. kingi organisms feeding on Richardson's ground squirrels at Beechy compared to a 69% prevalence of "Candidatus Rickettsia kingi" in I. kingi (n ϭ 87) individuals feeding on northern pocket gophers (Thomomys talpoides) at Clavet, which is situated 135 km northeast of Beechy (7). However, the sample size of I. kingi individuals at Beechy was very small, consisting of six individuals, each of which was feeding on a different host individual. The rickettsiae detected in the D. andersoni individuals parasitizing Richardson's ground squirrels from Beechy and in the one D. andersoni adult on a golden-mantled ground squirrel (Callospermophilus lateralis) in the Kootenay NP (BC) were identified as R. peacockii based on genetic characterization at four loci: the 17-kDa gene, gltA, ompB, and the 16S rRNA gene. The SSCP banding patterns of all 35 R. peacockii amplicons of the 17-kDa gene were identical to one another. There were no sequence differences among amplicons of R. peacockii for the 17-kDa gene. PCR-SSCP has been shown previously to be a powerful and effective method to prescreen for genetic variation among rickettsial DNAs derived from the total gDNA of individual ticks, particularly when combined with DNA sequencing of multiple samples of each SSCP profile type (7, 15) . For example, a previous study (15) demonstrated a lack of variation in the SSCP profiles of gltA amplicons derived from 386 R. peacockii-infected D. andersoni adults collected from localities up to 450 km apart (i.e., from Lethbridge, Alberta, Canada, to Outlook, SK, Canada) and among gltA amplicons derived from 66 R. montanensis-infected D. variabilis adults collected from localities up to 780 km apart (i.e., from Buffalo Pound Provincial Park, SK, Canada, to Kenora, Ontario, Canada) (15) . In contrast, the gltA amplicons for R. peacockii had an SSCP profile different from that of R. montanensis that corresponded to three nucleotide differences in their gltA sequences (15) . The detection of R. peacockii in D. andersoni from Beechy and Kootenay NP (i.e., localities ϳ425 km apart) in the present study is consistent with previous findings of this species of Rickettsia in D. andersoni from other localities in western North America (13, 15) . The 85% prevalence of R. peacockii in D. andersoni nymphs and adults feeding on Richardson's ground squirrels at Beechy was also consistent with the high prevalence (i.e., 96%) of this rickettsial species in questing D. andersoni adults at Saskatchewan Landing Provincial Park (SK) (15) , situated ϳ50 km to the southwest. Attempts were made to characterize the R. peacockii in D. andersoni and the R. peacockii control samples at the sca1 locus, because this gene has been recommended as a target for species delineation and inferring phylogenetic relationships of taxa within the genus Rickettsia (9) . Sequences of the variable region (488 bp) of sca1 have been determined for all recognized members of the TG, TRG, and SFG rickettsiae (except for R. peacockii), R. canadensis, and R. bellii (9) . In the present study, no sca1 amplicons were obtained for R. peacockii, whereas amplicons (488 bp) were obtained and sequenced for several representatives of "Candidatus Rickettsia kingi" and the rickettsiae within I. angustus. This suggests that sca1 is absent from R. peacockii; therefore, it may reduce the effective- ness of this gene for species delineation for all taxa within the genus Rickettsia. BLAST searches comparing the sequences for conserved regions of the sca1 gene in several species of Rickettsia to the sequence of the complete genome for R. peacockii available from GenBank (accession no. CP001227) also indicate that sca1 is absent from R. peacockii.
Although no rickettsiae were detected in I. sculptus from Saskatchewan, 18% of the 268 I. angustus ticks feeding on red-backed voles and on a small number of shrews, golden-mantled ground squirrels, and deer mice within the Kootenay NP (BC) were found to be PCR positive for Rickettsia. All life cycle stages of I. angustus were found to contain the rickettsiae; however, a significantly greater proportion of larvae were PCR positive for Rickettsia than nymphs or adult ticks. The results of the SSCP analyses of the amplicons of the 17-kDa gene of the rickettsiae present within all 49 PCR-positive I. angustus samples revealed that they had identical banding patterns (i.e., profiles) but differed markedly from the SSCP profiles of the control samples: R. peacockii, R. montanensis, and "Candidatus Rickettsia kingi" (i.e., rickettsiae present in the total gDNA of D. andersoni, D. variabilis, and I. kingi, respectively). Subsequent DNA sequencing of the 17-kDa gene amplicons (394-bp) for representative samples of the rickettsiae from I. angustus revealed that they had identical sequences but differed in sequence from "Candidatus Rickettsia kingi" at one nucleotide position and from R. peacockii and R. montanensis by 51 and 52 nucleotide positions, respectively. Two additional nucleotide differences were detected between the rickettsiae from I. angustus and "Candidatus Rickettsia kingi" within a larger fragment (497 bp) of the 17-kDa gene. Furthermore, the ompA amplicons of all 49 PCR-positive I. angustus individuals had identical SSCP profiles but differed from the SSCP profiles of ompA for all control samples, including the amplicons of seven "Candidatus Rickettsia kingi" individuals. The ompA sequences of the rickettsiae from I. angustus (491 bp) were found to be different from the ompA sequences of "Candidatus Rickettsia kingi" at three nucleotide positions. A BLAST search of the sequence data further revealed that the rickettsiae in I. angustus had novel sequences for ompA and the 17-kDa gene compared to the sequences of these genes for all recognized and putative species of Rickettsia. Given this, the rickettsiae in I. angustus were genetically characterized at three additional gene loci (i.e., gltA, sca1, and the 16S rRNA gene). These rickettsiae had sca1 sequences identical to that of "Candidatus Rickettsia kingi" but differed in sequence from all other taxa within the genus Rickettsia. Attempts were also made to characterize the rickettsiae in I. angustus for an ϳ800-bp fragment of ompB, a gene present in SFG, TRG, and TG rickettsiae (1, 29) . However, no amplicons could be obtained for the rickettsiae in I. angustus, whereas we were able to amplify this gene for R. peacockii present within the total gDNA of D. andersoni. The inability to amplify ompB for the rickettsiae in I. angustus may be associated with the specific PCR assay used (e.g., the primers, annealing temperature, etc.); however, there is no ompB gene in R. canadensis (1, 29) , and it could not be amplified for "Candidatus Rickettsia kingi" (7) .
Phylogenetic analyses conducted on the concatenated sequence data of five genes (i.e., the 17-kDa gene, gltA, ompA, 16S rRNA gene, and sca1) revealed that the species of Rickettsia detected in I. angustus was not a member of the SFG, TRG, or TG rickettsiae but was most closely related to "Candidatus Rickettsia kingi." It belonged to a clade that contained R. canadensis and three other putative species of Rickettsia: "Candidatus Rickettsia kingi," "Candidatus Rickettsia tarasevichiae," and "Candidatus Rickettsia monteiroi." Although the rickettsiae in I. angustus represent a sister taxon of R. canadensis, a potential human pathogen (2, 3) , and occurs in a tick species (i.e., I. angustus) that has been reported to occasionally bite humans (21, 31, 33) , it remains to be determined if this bacterium is of any significance with respect to human health.
The magnitude of the sequence differences between the rickettsiae in I. angustus and "Candidatus Rickettsia kingi" for the 17-kDa gene (0.6%), ompA (1.6%), gltA (0.1%), and the 16S rRNA gene (0.3%) were similar to the minimum levels of sequence differences (i.e., 0.7, 1.2, 0.1, and 0.2%, respectively) that distinguish closely related species of Rickettsia within the SFG (1). In addition, no sequence variation was detected in the 17-kDa gene among "Candidatus Rickettsia kingi" amplicons derived from 60 I. kingi individuals (7) or among the rickettsial amplicons derived from 49 I. angustus individuals, despite the three nucleotide differences between the sequences of the two taxa. Given this and that the rickettsiae in I. angustus had novel sequences at four genes compared to those of all recognized and putative species of Rickettsia (including "Candidatus Rickettsia kingi"), this taxon is provisionally named "Candidatus Rickettsia angustus" in accordance with the recommended nomenclature for new rickettsiae that have not been established in pure culture (1) . Although "Candidatus Rickettsia angustus" and "Candidatus Rickettsia kingi" have been detected in different tick species with broad overlapping geographical ranges in western Canada (18) (19) (20) , I. kingi is primarily a tick of the prairies, whereas I. angustus has been recorded on hosts in more forested habitats (19) . Thus, there may be limited opportunities for cross-transmission of "Candidatus Rickettsia angustus" and "Candidatus Rickettsia kingi" to I. kingi and I. angustus, respectively. Furthermore, both tick species also parasitize different species of mammalian hosts in western Canada; I. kingi feeds primarily on ground squirrels, pocket gophers, prairie dogs, kangaroo mice, weasels, badgers, and dogs (7, 18, 19) , whereas I. angustus is common on voles, shrews, mice, red squirrels, pikas, moles, wood rats, and rabbits (19, 20, 34, 35) . Therefore, further work is needed to determine if "Candidatus Rickettsia angustus" represents a species different from "Candidatus Rickettsia kingi."
